The objective was to characterize seasonal changes in serum testosterone concentration, testicular volume and sperm quantity and quality in captive coatis (Nasua nasua) from Pantanal, MT, Brazil. Sampling was done once monthly for 1 y. Mean (Ϯ SEM) serum testosterone concentrations (767.37 Ϯ 216.2 ng/ml) and total and progressive sperm motility (79.6 Ϯ 3.9%; 3.8 Ϯ 0.3, on a scale of 0 to 5) peaked in July. The highest combined testis volume (10.3 Ϯ 0.4 cm 3 ) and sperm concentration (403 million Ϯ 102 sperm/ml) occurred in August, at the peak of the winter breeding season. No seasonal effects on percentages of morphologically normal sperm, acrosome integrity, or live sperm were detected; however, the percentage of secondary sperm defects was higher in the winter. In conclusion, intricate relationships between testosterone concentration, testis volume, semen concentration and total and progressive sperm motility with high levels of breeding activity were observed during the dry season in the winter (June, July, August), followed by a subsequent decline in these activities during the wet season (i.e., summer: December, January, February). There was no seasonal pattern for production of functionally intact and morphologically normal sperm.
Introduction
The coati (Nasua nasua) and the white-nosed-coati (Nasua narica) are procyonids living in the Southern (South America) and Northern Hemispheres (North and Central America), respectively. Despite the wide geographic distribution and abundance of Nasua nasua, most studies on this species focused on behavior and ecology [1] [2] [3] [4] , whereas only a few addressed reproductive physiology [5] [6] .
These animals have reproduced in captivity in Brazil and it has been previously demonstrated that the coatis breed seasonally, depending on the geographic location [1, 2] . Sexual maturity occurs at 2 y of age, the gestation period is 70 to 77 d, and the litter usually has 3 to 5 cubs. The breeding season for coatis occurs between October and February in southern Brazil [2] , however according to Beisegel [1] , the breeding season occurred between August and September and the births between October and November in southeastern Brazil. Coatis have apparently not been studied in western Brazil.
The destruction of tropical environments, thereby decreasing the natural habitat areas of South American animals, is an impetus for reproductive studies of af-fected animal species. In Brazil, many wild species are highly endangered and their populations have decreased numbers. Although Nasua nasua is not currently considered vulnerable to extinction, it is important to use conservationist strategies, both in situ and ex situ, to prevent its inclusion on the list of endangered species [2] . Moreover, information regarding this species could be applied to conservation programs for other species from the Procyonidae family, or for other endangered carnivores.
Using coatis from Pantanal, in Mato Grosso State, in western Brazil, the objective of the present study was to evaluate and characterize seasonal variations in semen characteristics (ejaculate quantity and quality) of coatis, and to correlate them with serum testosterone concentrations and testicular volume.
Materials and methods

Study area and climate
The study was conducted between January 2008 and December 2008 at the Universidade Federal de Mato Grosso Zoo, Pantanal/MT, Brazil, located at an altitude of 186 m and lat 15°05= S, long 56°36= W. The ranges of minimum and maximum temperature were from 15 to 23°C and from 29 to 36°C, respectively. The climate is tropical and the annual rainfall is seasonal, with averages of 100 to 200 mm in the summer (December, January, February) and fall (March, April, May), but only 0 to 50 mm in the winter (June, July, August) and spring (September, October, November) [7] . Temperature and rainfall data for the study period ( Fig. 1) were obtained from the Weather Station of Faculdade de Agronomia e Medicina Veterinária, Uni-versidade Federal de Mato Grosso, Santo Antônio do Leverger, Brazil.
Animals
Six sexually mature male coatis (2-10 y old, 5-7 kg average body weight) participated in the study and were identified by removal of hair from various parts of the tail locations in each animal. They were housed together in outdoor pens, separated from females, but within range for sight and olfactory assessment. The animals were fed fruits (papaya, banana, and mango), fish or meat, commercial dog food, and one egg each daily. Water was available ad libitum. During the experimental period, commercial vitamins and mineral supplement (Promater, Vetnil, Louveira, SP, Brazil) were added to the food daily (5 ml/animal). The IBAMA/Brazil and UFMT Bioethical Committee approved all procedures.
Semen collection
The animals were anesthetized with 7 mg/kg tiletamine and zolazepam (Zoletil 50, Virbac, São Paulo, SP, Brazil) given im. Collection of semen (electroejaculation) was attempted once a month throughout the study (12 mo). The Torjet 65C (Eletrovet, São Paulo, SP, Brazil) electroejaculator was used, with a rectal bipolar probe (17 cm long and 1.8 cm in diameter) with three longitudinal copper bands (each band was 8.8 cm long and 0.2 cm in diameter) [8] . Electrical stimuli were administered in three series (30:30:30) as follows: series one (10 stimuli at 200 mA, 10 at 250 mA, and 10 at 300 mA), series two (10 stimuli at 250 mA, 10 at 300 mA, and 10 at 350 mA), and series three (10 stimuli at 350 mA, 10 at 400 mA, and 10 at 450 mA) [9] .
Semen evaluation
The volume of the ejaculate was immediately recorded. A drop of semen was placed on a microscope slide at 37°C, covered with a warm glass cover slip, and examined at 400 X magnification. The total motility was assessed on a scale of 0 to 100% and the progressive motility on a 0 -5 scale. The morphology and concentration of the sperm were evaluated by fixing a semen aliquot in 10% formaldehyde saline solution (1:3 dilution). The concentration was evaluated using a Neubauer chamber at 400ϫ magnification [10] . The morphology was evaluated in 100 cells per slide observed under a light microscope at 1,000ϫ magnification, and morphologic abnormalities were classified as primary or secondary defects [11] . The proportion of live sperm was determined mixing one se- men drop with one eosin Y drop (Merck, Rio de Janeiro, RJ, Brazil). One semen drop was mixed with one drop of Pope's dye, as described [12] , for determination of the percentage of acrosome integrity. A smear was prepared from each of the staining mixtures and 200 sperm were assessed under an optical microscope at 1,000ϫ magnification.
Testicular measurement
Calipers were used to measure each testis. Testicular volume was calculated using the formula V ϭ C ϫ L 2 ϫ 0.524, where C is the testis length and L is the width [13] . The total volume was the sum of the volumes of both testes.
Serum testosterone
Blood samples were obtained via jugular venipuncture immediately after anesthesia. Samples were centrifuged (1,200g for 10 min) and serum stored at Ϫ20°C until analyzed. Serum samples were sent to the Provet Laboratory (São Paulo, SP, Brazil) for analysis. Testosterone concentrations were determined by radioimmunoassay. The assay's sensitivity was 2.12 ng/dl, and the intraassay coefficients of variation were 0.62 and 1.27%.
Statistical analysis
Data were evaluated using the SAS System for Windows (SAS Institute, Inc., Cary, NC, USA). Differences between seasons were analyzed using the parametric (GLM procedure for each factor separately or LSD when combining factors) and non-parametric (Wilcoxon) tests according, to the normality of the residuals (Gaussian distribution) and variance homogeneity. The percentages of major and total sperm defects and testosterone levels were log transformed. The percentage of sperm with an intact acrosome (acrosome integrity) and intact membrane (live sperm) were square root transformed before the analyses. A probability value of P Ͻ 0.05 was considered significant. Results were reported as untransformed means Ϯ SEM. Pearson and Spearman's correlations were used to calculate the relationship between response variables for parametric and non-parametric data, respectively.
Results
Seasonality affected (P Ͻ 0.0001) testicular volume, which peaked (10.3 Ϯ 0.4 cm 3 ) in the dry winter months and reached a nadir in the wet summer months (6.4 Ϯ 0.6 cm 2 ). Testicular volume was positively correlated with serum testosterone concentrations (r ϭ 0.76, P Ͻ 0.003; Table 1 ).
There was a significant effect of seasonality on serum testosterone concentrations (Table 1) . Concentrations were highest in the dry season and lowest in the wet season (P Ͻ 0.05). A peak occurred in the winter (508.9 Ϯ 249.2 ng/ml) with a subsequent decline, reaching a nadir in the spring (88.55 Ϯ 33.4 ng/ml).
Sperm concentration peaked in the winter (403.0 ϫ 10 6 Ϯ 102.2 sperm/ml). Sperm concentration was positively correlated with serum testosterone concentrations (r ϭ 0.76, P Ͻ 0.003; Table 1 ). Mean percentages of total and progressive motility had seasonal trends, similar to sperm concentration, with differences between the dry and wet seasons (P Ͻ 0.0001, P Ͻ 0.0004, and P Ͻ 0.007, respectively). Total motility, progressive motility, and sperm concentration all peaked in the winter (Table 1) .
Ejaculate volume, sperm morphology abnormalities, acrosome integrity, and percentage of live sperm had no seasonal differences (Tables 1 and 2) ; however, the percentage of secondary defects differed between seasons ( Table 2 ).
Discussion
The results obtained in this study apparently represented the first characterization of seasonal changes in serum testosterone concentrations, testicular volume, and ejaculation quantity and quality in captive coatis (Nasua nasua). There were significant correlations between seasons and testosterone concentrations, testicular volume, and sperm concentration in coatis from Pantanal/MT (western Brazil). Distinct seasonal changes observed in these parameters had the highest values occurring during the dry season (winter), which corresponded to the breeding season for coatis in this geographic location. However, there were no seasonal differences in the production of both functionally intact and morphologically normal sperm. Regression and recrudescence of testicular volume in these coatis was associated with changes in serum testosterone concentrations and spermatogenic capacity, including overall sperm concentration, and percentages of progressive and total motility. Adult males of many seasonal breeding species have an annual cycle of testicular involution and recrudescence. This strategy is advantageous to coatis, allowing males to minimize the energy expended on reproduction, thereby redirecting that energy to hunting and caring for the young [14] .
Morphologically normal/abnormal sperm, acrosome integrity, and the percentage of live sperm did not change seasonally; however, the percentage of secondary defects was different between seasons. Sperm primary defects result from problems during the spermatogenesis, whereas secondary defects occur during final sperm maturation in the epididymis [11] . The presence of a high percentage of secondary defects could be related to poor manipulation of the ejaculate and temperature increase in the epididymis [15] . In the present study, collections were performed in an appropriate manner according to a standard protocol. However, these collections were done at different times of the day, which may have caused a differential heat-exposure effect on the testes, therefore affecting semen samples.
In Panama, births in the white-nosed-coati (Nasua narica) population occurred between April and early May and parturition coincided with the period of highest availability of fruits [16] . In Mexico, births occurred by late June [17] , concurrent with the onset of the wet season, when water is not limited and the availability of arthropods reaches its maximum level [18] . This is a common reproductive strategy, to increase the probability of survival of newborns, and occurs in many vertebrates inhabiting markedly seasonal environments.
According to Beisiegel [1] , the birthing period in Nasua nasua occurs between October and November in southeastern Brazil. In western Brazil, the breeding season for coatis occurred between July and August, with births between September and October, coinciding with the onset of the rainy season. The reproductive seasonality of this species did not seem to be correlated to the photoperiod; however, it was correlated to availability of resources.
The information attained from this study contributed to knowledge of reproductive biology in male coatis, which could assist in development and implementation of seasonal reproductive management programs for this species. Such programs could be based on: 1) generation of germ plasm banks with the best seasonal semen production, and 2) separation of couples to avoid competition for the same female and improve the possibilities of births.
In conclusion, spermatogenic activity in coatis was maintained during the breeding season, with peaks in testicular volume, serum testosterone concentrations, and sperm quantity (concentration) and quality (total and progressive motility) occurring in the dry season (winter). Testicular volume was positively correlated with the serum testosterone concentrations, and sperm concentration was positively associated with both testicular volume and serum testosterone concentrations. These data expand the knowledge of reproductive biology in male coatis, which is expected to assist in development and implementation of seasonal reproductive management programs in captivity, and to improve the reproductive management of free-living wild animals. a,b within a column, means without a common superscript differed (P Ͻ 0.05).
